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Faecal excretion of radioactivity was delayed, and occurred mainly between 36 and 48 h after dosing. This is not wholly explicable in terms of time for gastro-intestinal transit and suggests that biliary excretion may be involved.
The results of the experiments with cannulated bile ducts confirmed that substantial biliary excretion can take place (see Fig. 2 ), more than 25 % of the intraperitoneal dose appearing in the bile in 6-1 1 h, principally in the first 4 h. The radioactivity present in the bile was exclusively in the form of polar conjugates, no free linalool being detectable. The conjugates were partially hydrolysed by 8-glucuronidase and to a greater extent by a mixture of 8-glucuronidase and sulphatase, This suggests the possibility that enterohepatic circulation might occur following hydrolysis of the conjugates in the gut. In the cross-over experiment, in which bile from the dosed animal was introduced via the bile duct into the duodenum of a second animal, radioactivity equivalent to 2.5% of the original dose appeared in the bile of the second rat over a 12h period, the peak of excretion occurring after 7 to 9 h.
Assuming (as previously observed) that 25 % of the original dose appears in the bile of the first animal over the period studied, and also that 25% of the conjugates that were hydrolysed and reabsorbed appeared in the bile of the second animal, it can be calculated that 40% of the biliary conjugates are hydrolysed and reabsorbed on the first pass. Thus extensive enterohepatic circulation is possible and may account in part for the delayed faecal excretion. Further evidence of hydrolysis of biliary conjugates in the gut is afforded by the presence of non-polar ether-extractablemetabolites (about 5 % of the dose) in the faeces which were absent from bile. Details of the identity of the urinary, biliary and faecal metabolites will be published later, but in each case they comprise mainly polar ether-insoluble conjugates. At the end of the 72 h period following intragastric administration of linalool only about 3 % of the radioactivity remained in the tissues and this was located mainly in the liver (0.5 %), gut (0.6%), skin (0.8 %)and skeletal muscle (1.2%). Other organs including the kidney contained insignificant amounts of radioactivity. This study suggests that large doses of linalool may be metabolized in the rat by conjugation and excretion in urine and bile while a substantial proportion of the dose may enter intermediary metabolism. The rapid excretion of linalool and its metabolites suggests no long-term hazard from tissue accumulation on chronic exposure at concentrations normally encountered in foods. However, enterohepatic circulation might have the effect of prolonging the metabolic load on the liver over a relatively short period. In the preceding paper (Parke et al., 1974) it was shown that after intragastric administration to rat the terpenol linalool was metabolized and excreted in urine and bile as conjugates and a substantial proportion of the dose underwent oxidation to CO,. In view of the important role of the liver in these metabolic processes it was felt that the effects of linalool on the drug-metabolizing enzymes of the liver should be investigated. Linalool was administered to 4-week-old male Wistar rats by intragastric intubation at a dose of 500mg/kg body wt. per day as a 25% (w/v) solution in propylene glycol. Control rats were given a similar volume of propylene glycol. At intervals of 0,3,7, 14, 30 and 64 days after dosing, four animals from each of the test and control groups were killed by cervical dislocation, the livers rapidly excized, freed from adhering connective tissue and weighed. Liver homogenates and microsomal fractions were prepared as described by Basu et al. (1971) . Portions of the lOOOOg supernatant were used to determine biphenyl 4-hydroxylase activity (Creaven et at., 1965) and 4-methylumbelliferone glucuronyltransferase activity (Bollet et at., 1959) . The microsomal suspension was used to determine cytochrome P-450 (Sladek & Mannering, 1966) , cytochrome b5 (Schenkman et at., 1967) and microsomal protein (Lowry et a!., 1951) . Alcohol dehydrogenase activity was assayed on the 105 OOOg supernatant by the method of Daziel(l957).
The results of these experiments are shown in Table 1 . Linalool had no significant effect on body-weight gain over the 64 day period. The liver weight and relative liver weight wereunaffectedup to the30th day of exposure, but by the64th day there wasaslight but significant (P< 0.05) increase in these parameters.
The microsomal protein concentration was unaffected up to the 14th day of exposure, but by the 30th day was increased by 20% (PxO.02) and remained at this elevated level to the 64th day. Cytochronie P-450 and b, concentrations showed a biphasic response, both being depressed on day 7 (P<O.O2 in each case), but subsequently increased by 50 % (P<O.Ol) by the 30th day. Cytochrome P-450 remained at this elevated value, whereas cytochrome b5 had increased to 70 % ( P < 0.002) by the 64th day.
In contrast with the elevated amounts of these cytochromes, the activity of biphenyl 4-hydroxylase remained at control values throughout the experimental period.
It has been observed (Parke et al., 1974) that linalool is excreted largely in urine and bile in the form of conjugates with glucuronic acid. 4-Methylumbelliferone glucuronyltransferase increases dramatically on chronic exposure to linalool to the extent of 17 % (P<0.02) by the third dayrising to 150%(P<0.001) by the64th day, suggestinga physiological adaptation to the increased metabolic demand.
Conversely, alcohol dehydrogenase activity in the 105 OOOg supernatant showed a biphasic response, being initially depressed by 33% (P<0.002) on the 3rd day, then increased by 36% (P<O.OOl) on the 7th day; normal values were regained by the 14th day and thereafter there was no significant difference between test animals and controls.
In an earlier study on a number of terpenoids, Parke & Rahman (1969) administered linalool to rats intraperitoneally at a dose of 150mg/kg body wt. for 3 consecutive days and found noeffect onliverweight, cytochrome P-450, biphenyl 4-hydroxylase activity or umbelliferone glucuronyltransferase activity. They did, however, observe a 50 % increase in p-nitrobenzoic acid nitro reductase. The results of the present study show that, with the exception of alcohol dehydrogenase, prolonged exposure to linalool was required before significant effects were observed.
The biphasic effect of linalool on alcohol dehydrogenase, compared with the steady increase in 4-methylumbelliferone glucuronyltransferase activity and delayed induction of cytochromes P-450 and b,, may indicate that initially linalool is not readily metabolized and inhibits alcohol dehydrogenase. Subsequently, when the activities of the drugmetabolizing enzymes (especially 4-methylumbelliferone glucuronyltransferase) were increased, hepatic concentrations of free linalool may have fallen sufficiently to enable the adaptive increase in alcohol dehydrogenase to be observed. Still later in the study, when the4-methylumbelliferone glucuronyl transferase was capable of meeting the whole of the increased metabolic demand, no effects on alcohol dehydrogenase were observable.
These preliminary data appear to indicate, therefore, that the observed effects represent a physiological adaptation to exposure to linalool and that, as suggested by
VOl. 2
Pretreatment of rats with a number of polycyclic aromatic carcinogens has been shown to lead to a preferential enhancement of hepatic microsomal biphenyl 2-hydroxylation rather than biphenyl 4-hydroxylation, whereas administration of various non-carcinogens caused a preferential elevation of biphenyl 4-hydroxylation (Creaven & Parke, 1966) . Other investigators have shown that pretreatment of animals with carcinogens such as benzpyrene and 3-methylcholanthrene, but not their addition to cell fractions in uitro, leads to a selective stimulation of certain drug-metabolizing enzyme activities owing to de novo protein synthesis (Alvares et al., 1971) . The work reported here describes studies on the effects of the addition in vitro of a number of carcinogens and noncarcinogens on hepatic microsomal biphenyl hydroxylation.
Hepatic microsomal preparations (2.0 mg of protein/ml) obtained from either male adult Syrian hamsters (pure line, golden strain), or male Wistar rats were added to a regenerating system containing glucose 6-phosphate (25 mM), glucose 6-phosphate dehydrogenase (2 units/ml), NADP (500nniol) and the test substance (1 mhi/litre of ground nut oil), and incubated in a water bath at 37°C for Smin, with shaking. Biphenyl [13 mM in 1.15 % (w/v) KCI containing 1.5 % Tween 801 was then added and the incuba- Biphenyl 4-hydroxylation +2&7 -4 f 9 +6+ 12 -14f 6 +16+ 14 -lo+ 12 +4f 17
